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1. Data {#sec1}
=======

The data contain a description on synthesis of hematite nanoparticles via Pechini method. The synthesis procedure is shown in flowchart ([Fig. 1](#fig1){ref-type="fig"}). The precursor material was obtained from steel industry, an industrial waste. Their characterization was carried out using various analytical techniques (TG, DTA, XRD, and FTIR). Thermal analysis methods (TG/DTA) were used to study the endothermic processes (vaporization, phases transitions and chemical degradation) as well as exothermic processes (crystallization and oxidative decomposition), see [Fig. 2](#fig2){ref-type="fig"}. Additionally, structural characterization was carried out by XRD ([Fig. 3](#fig3){ref-type="fig"} and [Table 1](#tbl1){ref-type="table"}). FTIR spectra of the samples are presented in [Fig. 4](#fig4){ref-type="fig"}. A more detailed analysis was carried out using a deconvolution of the FTIR spectra to bands at lower wavenumber than 800 cm^−1^ ([Fig. 5](#fig5){ref-type="fig"}). All corresponding Table and figures are provided with this article. This article reports the detailed data analysis from α-Fe~2~O~3~ nanoparticles.Fig. 1Flowchart for the synthesis of α-Fe~2~O~3~ nanoparticles by Pechini method.Fig. 1Fig. 2TG/DTA curves corresponding to the solid obtained of pre-calcined samples.Fig. 2Fig. 3XRD patterns of the starting precursor material (up) and synthesized samples (down). The Miller index (*h k l*) of the corresponding peaks are also shown.Fig. 3Table 1Average crystallite size obtained from XRD pattern.Table 1Thermal treatments (T, °C)Crystal Size (D, nm)30030.350037.7120059.3Fig. 4FTIR spectra of α-Fe~2~O~3~ samples heat treated at different temperatures.Fig. 4Fig. 5Deconvolution of the FTIR spectra, in the region between 800 and 400 cm^−1^ for the samples of α-Fe~2~O~3~ heat treated at different temperatures, 300 °C (up), 500 °C (left), and 1200 °C (right).Fig. 5

2. Experimental design, materials, and methods {#sec2}
==============================================

2.1. Synthesis and characterization of α-Fe~2~O~3~ nanoparticles {#sec2.1}
----------------------------------------------------------------

An oxide ferric precursor from steel industry (industrial waste) was used to synthesize hematite (α-Fe~2~O~3~) nanoparticles. The reagents were obtained from Mallinckrodt Pharmaceuticals (Ethylene glycol, P.A. 99.8%) and Merck (Citric acid, P.A. 99.5%; Ammonium hydroxide, P.A. 99%) and used as received. For characterization of the samples, the thermal analysis (TG/DTA) was performed using TA Instruments under N~2~ atmosphere, X-ray diffraction (XRD) were obtained using a PANalytical X\'Pert Pro diffractometer, and an infrared spectrophotometer (Nicolet 6700 FTIR, Thermo Scientific) was used to obtain the IR spectra of the samples.

[Fig. 1](#fig1){ref-type="fig"} shows the flowchart used for the synthesis of hematite nanoparticles via Pechini method. The precursor oxide ferric is a byproducts of the steel industry. The procedure consists in the dissolution of the precursor material in an acidic media under a basic pH under stirring at 140 °C. In this procedure, the yield was around 40% for each sample.

2.2. Dataset description {#sec2.2}
------------------------

Thermal analysis was carry out from room temperature (RT) to 1200 °C with finality to determine the formation and decomposition phase occurring during heat treatment of synthesized samples. [Fig. 2](#fig2){ref-type="fig"} displays the thermal analysis (TG and DTA) for the pre-calcined samples. In TG thermogram, three mass changes were observed and associated with the three anomalies showed in DTA thermogram. For TG, a first weight loss step occurred gradually between room temperature and 208 °C. The mass loss was of ∼ 4.1%, which is attributed to the elimination of water present on α-Fe~2~O~3~ nanoparticles. Additionally, the DTA analysis enabled us to find an endothermic peak at 65 °C confirming the water elimination. A second step corresponds to a mass loss of ∼ 22.18% occurring at around 208--400 °C, exothermic peak at 368 °C for DTA curve, which is associated to the volatile compounds, oxidation of the organic phase present in the samples and crystallization of the oxide. In addition, in DTA curve is observed a third peak at around 820 °C, which is associated with a little mass gain giving rise to an oxidation that is possibly associated to the loss of magnetism [@bib1]. Based on the TG/DTA analysis, for the ceramic powders obtained by the Pechini method, it was defined that the most suitable temperature for the calcination of the material should be higher than 450 °C.

The obtained solids, precalcined at 300 °C, where thermal treated based on the results of the [Fig. 2](#fig2){ref-type="fig"}. The temperatures used for the thermal treatment was 500 °C and 1200 °C, during 4 h.

[Fig. 3](#fig3){ref-type="fig"} shows the XRD patterns of the starting precursor material (from the steel industry) and synthesized samples. For starting precursor material and precalcined sample at 300 °C, a mixture of two phases was observed ([Fig. 3](#fig3){ref-type="fig"}(up, down)). For both samples, there are coexistence of magnetite (Fe~3~O~4~, PDF 86--1346) and hematite (α-Fe~2~O~3~, PDF 89--2810) phases. The intense peaks at 2θ values of 18.1°, 30.1°, 35.12°, 37.22°, 43.1°, 53.23°, and 57.64° corresponding to (1 1 1), (2 2 0), (3 1 1), (2 2 2), (4 0 0), (4 2 2), and (5 1 1) crystal planes are characteristic peaks of cubic structure of magnetite [@bib2], [@bib3].

By treating the sample thermally at 500 °C, a greater crystallization is achieved. The XRD pattern match well with the PDF no. 75--469 of the rhombohedral structure of pure hematite (α-Fe~2~O~3~) [@bib1], [@bib4], [@bib5], [@bib6], as indicated by the DTA analysis ([Fig. 2](#fig2){ref-type="fig"}). This phase is stable over a wide range of temperatures (300--1200 °C), but their magnetic property decreased with increasing of temperature (no shown). The crystallite average size was determined using the Debey-Scherrer formula [@bib1], [@bib4], [@bib6], [@bib7], and reported in [Table 1](#tbl1){ref-type="table"}.

[Fig. 4](#fig4){ref-type="fig"} shows the FTIR spectra for α-Fe~2~O~3~ samples synthesized by the Pechini method at different temperatures. For the precalcined sample, the typical O--H bands at ∼ 3410 cm^−1^ and ∼ 1606 cm^−1^, indicate that during the resin formation, all water present in the sample was not completely eliminated, and is in agreement with thermal studies. These bands appear strongly in the spectrum at 300 °C, but their % transmission decreases as the temperature increases. In addition, this shows that the presence of the OH groups in the samples decreases as the temperature increases, disappearing in the sample treated at 500 °C. The wide band around 1370 cm^−1^ can be associated with the vibrational band of residual C--H groups [@bib8].

Apart of the typical absorption bands around 3400 cm^−1^ and 1600 cm^−1^ due to stretching and flexion vibrational modes of hydroxyl groups, a series of absorption bands are presents in the range of 800 to 400 cm^−1^. In this region, the Fe--O vibrational bands of α-Fe~2~O~3~ at around 627, 580 and 485 cm^−1^ are presents in all samples [@bib1], [@bib2], [@bib3], [@bib4], [@bib5]. The vibrational band at 627 cm^−1^ is due to longitudinal (Au) absorptions, while the bands at 580 cm^−1^and 485 cm^−1^ are due to the transverse absorption (Eu) of α-hematite structure. These bands are presents in the FTIR spectra of [Fig. 4](#fig4){ref-type="fig"} [@bib9], [@bib10].

A detailed analysis was carried out in the region of interest (800-400 cm^−1^) using a deconvolution of the FTIR spectra, see [Fig. 5](#fig5){ref-type="fig"}. For calcined samples at 500 °C and 1200 °C, the organic species were removed after the thermal treatments. While, for precalcined sample at 300 °C, the organic phase has not been removed completely. However, the spectrum of the precalcined sample show additional vibrational bands in comparison of the sample containing α-Fe~2~O~3~ as predominant phase ([Fig. 5](#fig5){ref-type="fig"}), due to the fact that the organic phase has not been completely removed.
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